Full track reconstruction for charged particles in thin gaseous detectors can be achieved using a Time-Projection-Chamber like (TPC) read-out and analysis method. This method has proven to be very successful for thermal neutron detection in gaseous electron multiplier (GEM) detectors [1] , based on the full track reconstruction of the charged Helium or Lithium ions produced in a thin 10 B conversion layer building the cathode of the triple GEM detector. An improvement from FWHM 3.4 mm to 0.25 mm of the spatial resolution of the interaction point of the neutron in the 10 B layer has been observed using an Ar-CO2 gas mixture as detector gas. For the achievable track resolution the drift velocity and thus the composition of the drift gas is of big importance. A self-consistent algorithm allows for optimized results without the development of gas-parameters, as otherwise usual, in prior test experiments with well known angle of incidence of the ions. Simulations predict, that by application of this method the spatial resolution for minimal ionizing particles can be improved as well. For verification a compact cosmic muon telescope has been commissioned, which consists of four triple GEM detectors with two-dimensional strip read-out of 0.4 mm pitch in x and y. All strips are read out by APV25 frontend boards [2] . Muon tracks are reconstructed using the TPC-like method in one of the detectors and are then compared to the predicted track from the other three detectors defined by the center of charge position in every detector.
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Motivation
Spatial resolution in planar gaseous detectors is in many cases dependent on the inclination angle of the track of an ionizing particle with respect to the read-out plane. The quality of the tracks, identified by electron ion-pairs in the active volume of the detector, has large influence on its position reconstruction capabilities. A standard analysis would determine the position of a hit in the detector by averaging over all read-out segments weighted with the collected charge, which is called the centroid position. This works well for particles traversing the detector perpendicular to its read-out plane and best if the charge production along the track is homogeneous. The here investigated GEM-detectors for example have shown a spatial resolution of 100 µm (see [4] ).
In the following an approach towards a full-track based reconstruction is proposed in order to increase the spatial resolution particularly for non-homogeneously ionizing particles (compare figure 1 ). This has been studied using with cosmic muons 1 . This method has been proven useful for particles, which stop inside the active gaseous volume of a detector (see [4] ). 
Reconstruction Method
The main idea of the described method is to compensate for the charge clustering due to nonhomogeneous ionization in the drift volume of the detector. Generic events with homogeneous and clustered charge distribution are shown in figure 2. The method described here is generically applicable, but will be discussed exemplarily on detectors with strip read-out.
The centroid of a track is defined to be the hit position in precision direction of the detector at some fixed distance to the read-out structure. In the simplest case this is the distance to the center of the drift gap. If a particle would stop in the detector the assumption of the position to be at the center of the drift gap doesn't hold anymore. Nonetheless the origin of the track still has to be close to the cathode of the detector. This can be used to trail the track in the drift gap back to its 
Where l 0 is the track length inside of the detector, φ and θ are the azimuthal and polar angles of the track, λ denotes the necessary fraction of the track in the detector to reach the cathode. In the perfectly homogeneous case λ would be -1, in reality it reaches values in the range [-2,0].
Depending on the detector and drift gas, the measured values have to be modified in order to get the related track parameters. The real track length for example has to be obtained by considering a minimal measured track length due to lateral diffusion of the electron cloud in the detector. This leads to a minimal cluster radius of d 0 and therefore: l real = l 2 meas. − d 2 0 For a strip read-out it is natural to determine the projected track-length l pro j independently in both read-out directions, which for X-direction can be written as:
In the following always projections in one of the read-out directions are used. The value of λ can be obtained from the charge skewness along the read-out direction ε.
Which then yields:
The centroid position is corrected depending on the inclination of the track θ , the projected track length l pro j and the skewness of the charge distribution ε separately in both read-out directions. The parameters a and b are detector and normalization parameters, which are obtained by fits to the epsilon and l pro j distribution.
Experimental Setup
The method was tested with a cosmic muon telescope consisting of four triple GEM-detectors, as shown in figure 3 . The position measured by the third detector was compared to a track reference defined by the other three detectors. The distances between the detectors were chosen to minimize the track uncertainty at the position of the test-detector and the overall height of the telescope was minimized in order to obtain a sufficient muon rate, which was overall 0.1 Hz. Three of the detectors were equipped with low material budget read-out boards and all had 10 µm thin Kapton windows in order to minimize straggling of the muons in the detector system. The interior of the detectors was identical with an active volume of (100×100×6) mm 3 and three layers of 60 µm thick GEM-foils. As drift gas an Ar-CO 2 mixture of 93:7 vol% was used and the pressure inside the detectors was fixed to (990 ± 5) mbar. The read-out anode of all detectors consisted of crossed strips with a pitch of 0.4 mm. The strips were equipped with time resolving read-out electronics based on APV25 chips [2] and the SRS DAQ-system [5] . 
Track Reconstruction in a single detector
The projected track length in both read-out directions and the asymmetry of the charge distribution were determined by a fit of a piece wise defined Gaussian fit (as previously shown in figure  2 ):
ε is a measure for the skewness of the charge distribution and the projected track length is obtained by definition of: l pro j σ · (1 + ε). This value is proportional to the number of strips hit, but minimizes the effect of discrete values for the track length.
The projected track inclination m is determined by the start time of the signal on every strip and by a linear fit to the distribution of these timings as a function of the strip position, which is shown in figure 4 (left) . The parameters d 0 and b can be obtained by a fit to the frequency distribution of l pro j by extrapolation to the lowest value (compare fig. 4 (right) ) and by comparison of l pro j with the number of strips hit respectively. 
Spatial Resolution
In order to determine the spatial resolution for the tested detector an approach has been chosen, which does not explicitly need the track resolution of the telescope for the calculation of the detector resolution: σ det = √ σ ex · σ inc (see [6] ). Where σ ex is the residual, if the test-detector is excluded from a track fit through the telescope and σ inc is the residual with the detector included. Both have been determined by a weighted double Gaussian fit. Figure 5 shows the spatial resolution σ det plotted against the track inclination for the centroid method and the corrected method. As expected the spatial resolution for the centroid method is strongly depending on the track inclination. 
Conclusion
The overall spatial resolution of planar gaseous detector can be improved by considering the whole track of a charged particle inside the detector. The application of a TPC-like extrapolation 
